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Dis1/XMAP215 family microtubule-binding proteins
are essential for cell division in animals, plants and
fungi, suggesting a conserved cell-division mecha-
nism used by all eukaryotes. Two new studies,
however, reveal that different family members can
have very different effects on microtubule dynamics.
The microtubule-associated protein XMAP215 was
originally purified from activated Xenopus eggs as a
factor that can specifically promote the polymerization
rate of microtubule plus ends and as a result increase
the steady-state length of microtubules [1]. Homologs
of XMAP215 have since been found in every major
group of eukaryotes and mutant phenotypes have been
described in fission yeast [2], budding yeast [3],
Drosophila [4], Caenorhabditis elegans, [5] Arabidopsis
[6] and mammalian cells [7]. All of these mutants exhibit
defects in mitotic spindle function or cell division, sug-
gesting that XMAP215 might provide a rare molecular
clue to a conserved cell division mechanism.
A central question for cell biologists is how the in
vitro activities of XMAP215 can be resolved with
mutant phenotypes to provide a detailed description of
the mechanisms that drive accurate chromosome seg-
regation during mitosis. A second question, relevant
for any modern biologist, is how much functional infor-
mation can be inferred from sequence homologies
between proteins that have been characterized bio-
chemically and those that have not. A recent study by
Shirasu et al. [8] emphasizes that the biochemical
activities of XMAP215 are quite complex, adding to the
difficulty in resolving these activities with mutant phe-
notypes. And a new paper by van Breugel et al. [9]
shows that the budding yeast homolog of XMAP215
has biochemical activities that are very different from
those of XMAP215 itself, providing a cautionary tale for
those who would like to equate conserved sequences
with conserved biological functions.
Proteins that regulate microtubule dynamics are of
considerable interest, because specific control of
microtubule dynamics is thought to be essential for
several different aspects of mitotic cell division. A cell-
cycle regulated switch to net depolymerization of kine-
tochore fiber microtubules is essential for anaphase A
chromosome segregation [10,11], whereas a switch to
net polymerization of interpolar microtubules is essen-
tial for anaphase B chromosome segregation (Figure 1).
The functional significance of the high rates of switch-
ing between polymerization and depolymerization
during mitosis [12,13] is less clear cut. This dynamic
instability has long been touted as an efficient mecha-
nism for probing three-dimensional space to allow
microtubule plus ends to contact special sites on chro-
mosomes — kinetochores — and the cell cortex. Bio-
chemical studies of XMAP215 have revealed that it can
stimulate all three of these biologically relevant phe-
nomena: net polymerization, net depolymerization and
high rates of dynamic instability.
Video-microscopy of mixtures of purified XMAP215
and tubulin have revealed that this protein increases
the dynamics of microtubules at the same time that it
promotes increases in their steady-state length and
mass. Specifically, XMAP215 increases the depoly-
merization rate, as well as the polymerization rate, of
microtubule plus ends, and reduces the frequency of
rescue or switching between depolymerization and
polymerization [14]. The end result is a population of
microtubules that are very long, but which frequently
depolymerize more rapidly and to a greater extent,
resulting in a high rate of exchange between polymer-
ized and unpolymerized tubulin. These properties are
important because they replicate some aspects of
microtubules within a metaphase spindle. Spindle
microtubules exhibit a phenomenal rate of exchange
between polymerized and unpolymerized tubulin while
maintaining a constant average length and mass of
polymerized tubulin [12,13].
Shirasu et al. [8] have now identified XMAP215 as a
major promoter of microtubule depolymerization in
Xenopus egg extracts. They incubated pre-formed
microtubules that were stabilized by the non-hydrolyz-
able GTP analog GMPCPP with cytoplasmic fractions
under conditions that do not allow microtubule poly-
merization. They hoped that this assay would reveal the
activities of novel microtubule destabilizing proteins. The
major new ‘destabilizer’ they identified was XMAP215.
Thus, when XMAP215 cannot increase the rate of plus-
end polymerization, because there is no free tubulin, its
previously described ability to stimulate depolymeriza-
tion [14] is revealed as an independent activity. In agree-
ment with this apparent separability of XMAP215’s
polymerizing and depolymerizing activities, an earlier
study [15] found that phosphorylation of XMAP215 by
the cyclin-dependent kinase Cdk1 suppresses its poly-
merizing activity, but not its depolymerizing activity. One
lesson here is that the words ‘stabilize’ and ‘destabilize’
are too vague to accurately describe any protein that
influences microtubule dynamics.
The most sophisticated analysis of a mutant
phenotype for an XMAP215 homolog has been for the
budding yeast protein Stu2. One study [16] found that
the anaphase B spindle of a stu2 mutant breaks
during elongation. This phenotype would be consis-
tent with XMAP215’s ability in vitro to stimulate plus-
end polymerization rate and increase steady-state
microtubule length. Rapid plus-end polymerization
would be especially critical during budding yeast
anaphase, because these spindles elongate to seven
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times their metaphase length. Another study [17]
found that the dynamic instability of both cytoplasmic
and spindle microtubules is reduced in stu2 mutants,
consistent with XMAP215’s ability to increase the
dynamic instability of microtubules in vitro. In their
new work, however, van Breugel et al. [9] have
characterized the in vitro activities of purified Stu2 for
the first time and revealed properties that differ dra-
matically from those of XMAP215.
Surprisingly, van Breugel et al. [9] found that
recombinant Stu2 slows the plus-end polymerization
rate, leading to shorter microtubules at steady state,
as well as slowing depolymerization rate. In an elegant
experiment, these authors showed that this reduced
polymerization rate is the indirect cause of increased
switching from polymerization to depolymerization —
‘catastrophe’ — in the presence of Stu2. The
catastrophe-promoting activity of Stu2 might be
considered consistent with the reduced catastrophe
frequency observed in vivo in stu2 mutants [17].
Unfortunately, Kosco et al. [17] observed no increase
in microtubule polymerization rate in stu2 mutants,
raising the question of whether the in vitro and in vivo
effects of Stu2 on catastrophe are even related. More
perplexing is the question of how a protein that slows
polymerization and increases catastrophe frequency
can be essential for a seven-fold increase in spindle
length during anaphase B [16].
Another important finding by van Breugel et al. [9] is
that purified Stu2 binds specifically to the plus-end tips
of pre-formed microtubules. This is the first direct
demonstration of a binding specificity of this type. More
indirect experiments with XMAP215 [8] and its human
homolog [18], however, suggest that this property may
be common to all members of the family. Thus, the
sequence conservation among the Dis1/XMAP215
family may be indicative of a conserved mechanism of
plus-end binding that can be modified so that different
members of the family can have very different effects
on polymerization dynamics.
The number of known proteins that localize to the
plus-end tips of microtubules in vivo has grown
enormously during the last several years [19]. These
proteins almost certainly influence each other’s
biochemical activities, possibly explaining some incon-
sistencies between the activities of purified proteins
and their mutant phenotypes. The tip of this iceberg
has been scratched in studies combining two micro-
tubule regulators [20]. A detailed understanding of the
mechanisms of chromosome segregation, however, will
likely require analysis of more complex mixtures and
must take into account potential additional activities for
Dis1/XMAP215 family members, such as tethering plus-
end tips to kinetochores and cross-bridging parallel
and anti-parallel microtubule bundles.
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Figure 1. Regulation of plus-end
microtubule dynamics is critical for
several aspects of mitosis. 
Single headed arrows indicate the need for
net depolymerization of kinetochore micro-
tubules (blue) during anaphase A (top), and
the need for net polymerization of interpo-
lar (yellow) microtubules during anaphase
B (bottom). The double-headed arrows
indicate rapid switching between polymer-
ization and depolymerization. For the red
microtubule, this may increase the effi-
ciency of contacting a special cortical site
needed to pull the spindle toward the
cortex. For the purple microtubule,
dynamic instability might be important so
that it does not interfere with spindle elon-
gation. A variety of data indicate that
Dis1/XMAP215 family members might be
involved in any or all of these mechanisms.
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